Elevations in extracellular [Mg+] 
Introduction
Much ofthe research on magnesium has centered on the clinical effects of altered extracellular [Mg2+] ([Mg2+] O)' on vascu-1. Abbreviations used in this paper: [Ca2+] lar, cardiac, and uterine smooth muscle. Mg2e deficiency is associated with a high frequency ofcardiac arrhythmias, hypertension, and sudden ischemic myocardial death (1, 2) , while Mg2" supplementation decreases arterial blood pressure and reduces the frequency of cardiac arrhythmias after myocardial infarction (1, 3) . Magnesium sulfate is widely used in the cessation of premature labor and in the treatment of preeclampsia/ eclampsia (4) .
In this study, we sought to examine the mechanism responsible for [Mg2"].-induced smooth muscle relaxation. Myoplasmic [Ca2+] ([Ca2]j)-dependent activation of myosin light chain kinase and its phosphorylation ofmyosin's 20-kD regulatory light chain appear to be the primary determinant of the contractile response in smooth muscle (5, 6) . In vitro studies have demonstrated relaxation of precontracted vascular smooth muscle in solutions with increased [Mg2+] . (7) (8) (9) , and augmentation ofagonist-induced contractions in Mg2'-free solutions (7, 8, 10, 11 (14) . If (15) (16) (17) .
Methods
Swine carotid arteries were obtained, the adventitia removed, the tissues mounted for isometric stress measurement, and the optimal length for stress development determined (5) . Physiologic saline (PSS) contained (mM): NaCl, 140; KCl 5; 3-[N-morpholino] propanesulfonic acid (MOPS) 2; CaCl2, 1.6; MgCl2, 1.2; NaHPO4, 1.2; D-glucose, 5 .6 (pH 7.4 at 370C).
Fura 2 estimated myoplasmic [Ca2"]. [Ca2+] i was estimated in a set of tissues with Fura 2 that was loaded intracellularly by incubation of the tissue in the acetomethoxy ester of Fura 2 (Fura 2-AM, Molecular Probes, Inc., Eugene, OR), as previously described (18, 19 The experimental apparatus is very similar to that of Himpens and Somlyo (19) , and consists ofa Nikon xenon light source, the output of which is directed through a rotating filter wheel that has both 340±5 and 380±5 nm optical filters (Omega Optical, Inc., Brattleboro, VT). The excitation light passes through one arm ofa bifurcated light guide, which is placed 0. Myosin phosphorylation. Myosin light chain phosphorylation was measured in a fourth set of tissues that underwent identical protocols, except that the tissues were not loaded with Fura 2 AM or aequorin. Tissues were frozen by immersion in an acetone/dry ice slurry at -780C, and the percent total myosin phosphorylation determined (21, 22) using two-dimensional separation of the light chains by isoelectric focusing and SDS-polyacrylamide gel electrophoresis. Fura 2 or aequorin loading has been shown not to alter phosphorylation determination (5, 18) .
Tryptic32P-phosphopeptide mapping. A fifth set of tissues was incubated in oxygenated PSS containing 32PO4 (0.4 mCi/ml, 2 h) for subsequent tryptic digestion and peptide mapping of myosin light chain variants (23) . The strips were rinsed in PSS, equilibrated, and subjected to the above protocol for myosin light chain phosphorylation. After two-dimensional separation of the myosin light chain isoforms and coomassie blue staining, proteins were transferred electrophoretically to nitrocellulose membranes which were then subjected to autoradiography. The area containing the smooth muscle-specific monophosphorylated myosin light chain isoforms was excised, subjected to tryptic digestion, and the tryptic fiagments separated by thin layer electrophoresis and chromatography, as described previously (24) . The tryptic fragments were also subjected to acid hydrolysis, and the phosphopeptides separated by thin layer electrophoresis (24) .
Determination ofcAMPand cGMP. A sixth set oftissues were stimulated, frozen by immersion in an acetone/dry ice slurry, and homogenized in 0.1 N HO for cAMP and cGMP immunoassay by the Diabetes Core Lab, University of Virginia Health Sciences Center (25) .
Results
In this study, we found that the estimated resting [Ca2+] [Ca2+] i and the percent change in estimated [Ca2+] i above basal levels are also shown in Table I .
Histamine stimulation of swine carotid tissues increased both Fura 2 fluorescence (340/380 ratio) and aequorin light Log L/L. change (aequorin) and background corrected 340/380 ratios (Fura 2) were averaged over the 1 min interval that occurred just before each solution change in Fig. 1 (i.e., each measurement was collected between 9 to 10 min after the preceding solution change).
[Ca2+]i was calculated as described in the methods. Percent change above basal [Ca2+] (Fig. 3 A) or stimulated with histamine and then relaxed with high [Mg2e]0 (Fig. 3 B) . In both cases, the tryptic peptides entirely comigrated with peptides derived from myosin light chains phosphorylated by purified myosin light chain kinase. Amino acid analysis revealed that all the phosphorylation was on serine residues. These data suggest that the myosin phosphorylation was entirely at serine 19 [Mg2+]J is tightly regulated in smooth muscle (15, 16, 30) .
[Mg2+],-induced Relaxation ofSmooth Muscle 1991 [Ca2+] ,, yet lower myosin phosphorylation values than were observed with histamine stimulation) (5, 31 induces contraction with little change in phosphorylation (12, 13) . These findings suggest that Mg2'-induced contractions in [cGMP], and that the myosin light chains are still phosphorylated at serine 19. These data suggest that there may be a phosphorylation-independent, yet potentially Ca2"-dependent, system for regulating force in vascular smooth muscle. Potential candidates for such a regulatory system include myosin heavy chain phosphorylation (42) , the thin filament proteins calponin (43), or caldesmon (44, 45) .
In conclusion, elevated [Mg2"]. relaxes swine carotid by decreasing [Ca2+] i without significant changes in [Mg2+Ji.
These relaxations were not associated with a decrease in phosphorylation, suggesting a phosphorylation-independent mechanism for contractile force regulation in arterial smooth muscle.
Note added in proof We have found a similar dissociation of force from myosin light-chain phosphorylation in histamine-stimulated swine carotid artery relaxed with nitrovasodilators (34).
